Introduction
The design and synthesis of novel polynuclear manganese and iron clusters with primarily oxygen and nitrogen coordination are active areas of current chemical research.
Clusters comprising manganese or iron ions are present in several metalloenzymes and metalloproteins ranging from the protein ferritin, 1, 2 responsible for iron storage, to the water oxidizing complex of photosystem II of bacterial photosynthesis. 3, 4 In molecular magnetism, manganese and iron ion assemblies with high nuclearities and appropriate topologies can sometimes possess large ground spin (S) values, and can function as single-molecule magnets (SMMs). [5] [6] [7] [8] Such SMM displays slow relaxation of its magnetization and functions as a magnet below its so-called blocking temperature (T B ). [9] [10] [11] While at low temperatures quantum 
, having an S = 5/2 ground state, is also a potential building block to achieve large spin in the ground state, but due to its 6 S nature, it generally forms antiferromagnetically coupled clusters. 12, 13 However, certain Fe x topologies have resulted in large ground spin states, due to the occurrence of the spin frustration effects, showing slow magnetic relaxation and magnetic hysteresis. 14, 15 A major obstruction to the practical application of these nanomagnets is the low blocking temperatures up to which the molecule behaves as a nanomagnet. Although many efforts have been made to increase and , the first family of SMMs, [Mn 12 O 12 (OR) 12 (H 2 O) 4 ] still displays the highest blocking temperatures of all the complexes studied so far. 11, 16, 17 A major goal in the development of new nanomagnets is to develop ligands that give rise to novel clusters in . 18, 19 In this chapter, the syntheses, X-ray crystal structures and detailed magnetic properties of three novel high nuclearity manganese and iron complexes, absorption correction was applied to each data set using PLATON/MULABS. 23 The structures were solved by direct methods using SHELXS97, and refined on F 2 using SHELXL97. 24 Crystal structures 3 and 5 contain voids (453.9 Å 3 /unit cell for 3; 106.9 Å 3 /unit cell for 5) filled with disordered methanol solvent molecules. Their contribution to the structure factors was ascertained using PLATON/SQUEEZE (106 e/unit cell for 3; 15 e/unit cell for 5). 23 All non-hydrogen atoms were refined with anisotropic displacement parameters.
The imine hydrogen atoms were positively identified in a difference Fourier map. All hydrogen atoms were constrained to idealized geometries and allowed to ride on their carrier atoms with an isotropic displacement parameter related to the equivalent displacement parameter of their carrier atoms. The H atom of the H-bonded systems O3···O112 and O4···O114 in complex 4 has been arbitrarily assigned to the 3 -O atom rather than the -OCH 3 atom. Structure validation and molecular graphics preparation were performed with the PLATON package. 23 .
Results and Discussion

5.3.1
Synthetic Aspects
The various polynuclear clusters described in this chapter were mainly obtained by recrystallization of mononuclear complexes under a variety of conditions. The mononuclear complexes were obtained from straightforward synthetic procedures. (2) It is possible that the extra oxidizing equivalents necessary for the oxidation of the Mn(II) ions to Mn(III) ions originate from atmospheric dioxygen, or from oxidation products of solvent or ligand groups. Water was readily available in the solvent, which was not distilled. Complex 4 was obtained by very slow evaporation of complex 1 from a dilute methanol solution over a period of a few months in a yield of ~ 5%. (Eq 3)
Despite the low yields and longer times necessary for the crystallization, complex 4 can be readily reproduced. Unlike complex 3, complex 4 could not be synthesized directly by reaction of the metal and ligand in a ratio of 2:1, as present in the complex, or by the use of sodium methoxide as a source of the methoxide ions. Instead, the IR of the crystalline products obtained under the above conditions showed the characteristic vibrations for both the complexes 3 and 4, suggesting that a mixture of the two complexes had formed. The isolation of complex 3 together with complex 4 rather than the pure complex 4, in reactions with metal to ligand ratios of 2:1 (similar to that in complex 4), or under different conditions, suggests that 3 might be the kinetic product of the reaction while 4 is the thermodynamic product. By controlling the solvents used for recrystallization, the two different clusters from the same reaction mixture have been isolated in pure and crystalline form. The formation of manganese clusters from their mononuclear five-or six-coordinate complexes, with other counter-ions, such as chloride or bromide, has been demonstrated previously. 25 
5.3.2
Description of the Crystal Structures
A PLUTON representation of the molecular structure of 3 is shown in Figure 5 .2. A PLUTON projection of the core of the molecule is shown in Figure 5 .5A. Structural data and details of the data collection and refinement are summarized in A PLUTON representation of the molecular structure of 4 is shown in Figure 5 .3. A PLUTON projection of the core of the molecule is shown in Figure 5 .5B. Selected bond distances are summarized Table 5 .3. Selected bond angles are summarized in Appendix A3; 2.012(7) Mn7-N59 2.000 (8) in the formation of partial cubanes, and complete the coordination sphere around the (8)). In addition, as discussed above, the methoxo oxygen, O112 coordinated to Mn8 forms a hydrogen bond with the hydroxo oxygen, O3 coordinated to Mn1, and similar description would apply to the symmetric counterpart of the molecule (O114….O4). As these H atoms are most likely disordered and could not be located on difference Fourier maps, it cannot be confirmed if the hydrogen atom exists as a proton on a methanol molecule attached to the manganese or a proton coordinated to oxygen as a hydroxo group. 
111
A PLUTON projection of the molecular structure of complex 5 is shown in Figure 5 .4
and a PLUTON projection of the core of the molecule is shown in Figure 5 .5C (right).
Selected bond distances are summarized in Table 5 .4 and selected bond angles are given in Appendix A3; 6 ]. 43 The difference is that complexes 4 and 5 contain three close-packed layers of oxygen atoms and two layers of metal atoms, as compared to two close-packed layers of oxygen atoms and a single layer of manganese atoms in the heptanuclear cluster. 4-tert-butyl-2,6-bis(hydroxymethyl)phenol and dme = 1,2-dimethoxyethane). 13 Structurally, the [Fe 10 O 18 ] cores of these molecules can be considered as fragments of an iron oxide (wustite) or hydroxide (lepidocrocite) phase: the oxygen atoms of the cores are arranged in cubic close-packed layers with the iron atoms occupying the octahedral interstices. 46 Another complex worth mentioning here is also a Ti 10 O 32 cluster that is exactly analogous to the complex 5. determined by AC measurements (full circles: temperature data, full triangles: frequency data). The solid line represents the Arrhénius fit.
As expected for SMM, the AC susceptibilities are strongly frequency dependent indicative of a slow magnetization-relaxation phenomenon. Remarkably, blocking temperatures can be observed in 4 at reasonable temperatures, i.e. above 3 K for frequencies higher than 500 Hz ( Figure 5.9) . A second relaxation mode at higher frequencies, aside from the main one is observed, and confirmed by the shape of Cole-Cole plots ( Figure 5 .10A).
This observation can be ascribed to a small impurity or to intermolecular effects. 52 From the data in Figure 5 .10B, the main relaxation time can be determined from the maximum of '' as a function of both temperature and frequency. In the temperature domain studied the 
Concluding Remarks
Despite the fact that the simple didentate ligand HMesalim is known for over 30 years, its coordination chemistry has not been fully explored. In the present study, HMesalim has been found to give polynuclear clusters upon reaction with manganese or iron salts. Three 
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